A new method for isolating DNA frcm agarose gels is described. The method involves the simultaneous transfer of all ENA-fragments from an agarose slab gel onto DEAE-cellulose paper and the elution of the individual fragments frcm the paper with 1 M NaCl. ENA isolated from agarose gels in this way is susceptible to cleavage with several restriction endonucleases, and can be labeled in vitro with E coli ENA-polyraerase I, T. ENA-polymerase and T polynucleotide kinase.
Isolation of ENA-fragments is a prerequisite for mapping of genetic material with restriction endonucleases, for ENA sequencing, ENA-hybridization studies and recombinant ENA techniques. Fragments ranging in size from about 0.15 Kb (kilo-base pairs) up to more than 40 Kb may be separated by electrophoresis in agarose gels, and several methods have been described for extracting fragments from the agarose gels for secondary cleavage with restriction endonucleases or other experimental procedures (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) .
The present method is designed to suit experiments where many DNA-fragments have to be isolated simultaneously from an agarose gel. Technically, we have modified the transfer method of Southern (13) by substituting DEAE-cellulose paper for nitrocellulose filters. Transfer of DNA-fragments to DEAE-paper sheets combines extraction and purification into one preparatory step. Since this procedure is performed simultaneously on all fragments in a gel, the amount of work involved is significantly reduced. We have applied the method to the construction of several restriction endonuclease maps of adenovirus type 16, and for studying the genctne structure of subgenomic DNA in incomplete adenovirus particles and infected cells.
MATERIALS AND METHODS
Virus and nucleic acid. The adenovirus type 16 strain used was plaque purified four tines from the prototype strain Chang 79. Virus was purified as described (14) except that 10% ethanol was added to the 0.2% sodium deoxycholate lysis buffer to prevent the formation of deoxycholate micelles with a too high aggregation number. DNA was extracted from the purified virions with pronase, Sarcosyl (Clba) and phenol as described (14) . In vitro labeling of 5'-termini of restriction fragments was done essentially as described by Maxam and Gilbert (15) . Labeling of 3'-ends followed the method of Englund (16) , and "nick translation" was done according to Maniatis et. al. (17) .
Enzymes. Restriction endonucleases Eco R I, Bam H I and Taq I were purified as described (19, 20, 21 horizontal agarose gels, 21x27x0.5-1 an. The maximum load of EMA was 0.1 jog/ran 2 slot area, and the gels were run at 4 V/cm at 4°C. The gels were prepared and run in 89 mM Tris, 89 mM boric acid, 2.5 mM EDTA, pH ca 8.3. After staining in the same buffer with 0.5 jjg/ml ethidium bromide, the gels were photographed under short wave UV-light through a Wratten no. 29 filter on Kodak Plus-X film. Autoradiography of gels or EEAE-filters was done on Kodak XR-1 film.
RESULTS
Transfer of EMA from agarose gels to DEAE-paper. For use in the DMA transfer technique the DEAE paper (DE-81, Whatman) is precycled as reoonmBnded by the manufacturer for dry DEAE-oellulose. This step is rather difficult to perform due to the low wet strength of the paper, but we consider it necessary for two reasons. First, only after precycling is the full adsorbtion capacity of the ion-exchanger available. Second, since ENA can be irreversibly adsorbed The recovery of DNA after salt elution of the DE-81 paper is presented in figure 4 . For fragments of less than 6x10 daltons, the recovery is more than 75%. Since the efficiency of transfer after 24 h averages 90%, the total yield is at least 60% for DNA-fragments less than 6x10 daltons. For large DNA molecules, i.e. adenovlrus DNA (23x10 daltons), the total yield is limited to 10-20%.
Use of DEAE-cellulose slurry for DNA-fragment preparation. The DE-81 paper method is useful on an analytical scale, when small strips of DE-81 paper can be handled in Eppendorff tubes. TO overcome the practical problems encountered when trying to scale up the preparations by this method, we tried electrophoresis of DNA-fragments into microgranular DEAE-cellulose (DE-52, Wiatman), in a fashion similar to the hydroxyapatite method described by Tabak and Flavell (7) . A narrow trough in the agarose gel was filled with DE-52 slurry and the DNA was electrophoresed into the DE-52. The slurry was removed and packed into a small column and the DNA was eluted with 1 M NaCl in the buffer described above. The purity and yield of DNA by this method were as described for the DE-81 method. It was found necessary to place a "basket" of fine nylon net (10) by which many accurately sized subgencmic DMA-fragments could be isolated from an agarose gel and recleaved with different restriction enzymes. The method described greatly simplified this work. In addition, it proved to be convenient for constructing restriction enzyme maps of the viral genome.
Like the "northern" blotting technique of Alwine et.eLL (28) and the protein transfer procedure of Tbwbin et.al. (29) , our method extends the use of Southerns original transfer technique (13) . Although the DEAEpaper method can not claim any advantage over existing procedures as regards the overall yield of DNA or the size of DNA that can be effectively recovered, the combination of simultaneous extraction and purification of ENA-fragments from agarose will yet be of use in many applications where Isolation of DNA-fragments is required.
